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D scrfption ' 

The present invention relates to a polarization 
independent optical isolator and, more particularly, 
to a optical isolator which requires only one 5 
birefringent optical device. 1 

i * * * 

Description of the Prior Art 

Optical isolators find a wide variety of applica- io 
tions in lightwave communication systems. In gen- ' 
eral, isolators are utilized to prevent reflected por- 
tions of a transmitted signal from re-entering the 
transmitting device. Many early isolator designs 
use a polarization-selective device to remove the 75 
unwanted reflections. In certain circumstances, 
where the transmission system may cause un- 
known, uncontrollable- changes in polarization so 
that the polarization state of the received signal is 
unknown, these early "devices are not considered to 20 
be of practical use. Thus, a large effort has been - 
undertaken to develop an isolator which is polariza- 
tion independent. 

One prior art polarization independent optical 
isolator is described in the article "Polarization- 25 
Independent Isolator for Fiber Optics" by T. Mat- 
sumoto, appearing in The Transactions of the IECE 
of Japan , Vol. E62, No. 7, July 1979, pp. 516-7. In 
the Matsumoto isolator, the arrangement consists 
of a Faraday rotator and compensator (half-wave 30 
plate) inserted between a pair of birefringent crystal 
plates of equal thickness. As is well-known in the 
art, a birefringent plate functions to split a incident 
optical signal into a pair of orthogonal rays. Addi- 
tionally, a birefringent plate functions to physically 35 
separate one ray (referred to as the "extraordinary" 
or °E M ray) from the other ray (referred to as the 
"ordinary" or "0" ray) as they travel through the - 
plate. This phenomenon of spatial displacement is 
often referred to as "walkoff". In the Matsumoto 40 
isolator, a signal entering the first birefringent plate 
is split into orthogonal components. The rays are 
then rotated as they pass through the compensator 
and Faraday rotator. The two rays then enter the 
second birefringent- plate (of as close a physical 45 
match to the first plate as possible) where they are 
recombined to form the output signal. Since a 
Faraday rotator is a non-reciprocal device, any 
signal traveling in the reverse (isolation) direction 
through the isolator will be physically separated 50 
into orthogonally polarized signals as it passes 
through both birefringent plates. One problem as- - 
sociated with this arrangement is that the thicknes- 
ses of the' birefringent plates must be essentially 
identical since any difference will affect the power 55 
level of the recombined signal. 

In an alternative prior art design, the com- 
pensator of the Matsumoto arrangement is re- 



placed with an additional birefringent plate of a 
specific thickness. This particular design is de- 
scribed in the article "Polarization Independent * 
Isolator Using Spatial Walkoff Polarizers" by K. W. 
Chang et al., appearing in IEEE Photonics Tech- 
nical Letters, Vol. 1, No. 3, March 1989, at pp. 68- 
70. In this arrangement, the isolator consists of a 
first birefringent plate of thickness V2 L, a Faraday 
rotator, and a pair of birefringent plates' of thickness 
L, all arranged in tandem. Since the thickness of 
these last two plates is only ^ times that of the 
first, the two orthogonal rays will be recombined as- 
they travel in the forward direction. Again, since the 
Faraday rotator is a non-reciprocal device, the rays 
will be further separated in the return direction as 
they pass through the first birefringent plate. How- 
ever, as with the Matsumoto design, the ability to 
accurately control the ■ thickness of the birefringent 
plates Is crucial to achieving low loss in the forward 1 
direction and adequate isolation in the reverse di- 
rection. 

Therefore, a need remains in the prior art for a 
polarization independent optical isolator which is 
less sensitive to the- physical dimensions of the • 
optical elements!' - " - 1 

Summary of the Invention 

The need remaining in the prior art is ad- 
dressed by the present invention which relates to a 
polarization independent optical isolator and, more . 
particularly, to an optical isolator which requires 
only a single birefringent plate to achieve isolation ' 
in the reverse direction. 

An exemplary 1 embodiment of the isolator of 
the present invention comprises a birefringent 
plate, a pair of stacked reciprocal rotators, a non- 
reciprocal rotator and reflection means, all arranged 
in tandem. In operation, a forward traveling signal 
enters the birefringent plate where it is split into - - 
two orthogonally polarized rays (hereinafter re- 
ferred to as O- and E-rays). As, the rays travel 
through the birefringent plate, the E-ray is spatially 
displaced by a predetermined amount as related to 
the thickness of the plate. The rays then J pass 
through a first reciprocal rotator which performs an 
a* rotation (counterclockwise) on each ray. The 
rotated rays enter the non-reciprocal rotator (for* : 
example, a Faraday rotator) where they experience 
an additional counterclockwise' rotation of 0*. Sub- 
sequent to this rotation, the rays impinge' on the 
reflecting means which redirects the rays back into 
the non-reciprocal rotator. Th reflection causes the 
signals to switch their spatial locations, but main- 
tain their same polarization as before the reflection. 
Since the Faraday rotator is not reciprocal in na- 
ture, both signals are rotated count rclockwise 
again by an additional 6*. The rays then pass 
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through the second reciprocal rotator which rotates 
the signals, counterclockwise through an angular 
distance of 0\ where the quantity a + 20 + 0 
equals 90 • . Therefore, the sum of the rotations 
causes the rays to be switched in polarization state 
as well as spatial location. The ray which is now of 
the "E" orientation (the original O-ray) experiences 
another spatial displacement as the rays pass 
through the birefringent plate for a second time so . 
as to recombine with the ray of the "0" orientation. 
The recombined rays are then transmitted through 
an appropriate output aperture, e.g., they are laun- 
ched into the output optical fiber. In the reverse 
(isolation) direction, the sum of the rotations will be 
2$ - a - 0, or 0\ since a non-reciprocal device (0) 
and a pair of reciprocal devices (a and P) are used. 
The result of these, rotations is that <the rays will 
maintain their original polarization states and the 
same ray will experience displacement' on each 
pass through the birefringent plate;:. Therefore, no 
recombination will occur, and the rays will miss the 
appropriate aperture, e.g., they will fail to enter the 
input optical fiber. 

An advantage of the present invention, as men- 
tioned above, is the use of a single birefringent 
plate. Therefore, the thickness of the birefringent 
plate is no longer a critical design issue. Addition- 
ally, the reduction in the number of birefringent 
plates allows for the isolator of the present inven- 
tion to be more compact than many prior art ar- 
rangements. . ■ ■ ■ 

The use of the reflecting means results in the 
isolator of the present invention being a single- 
ended device (i.e., input/output fibers on same side 
of device), which is an advantage in some situ- 
ations. * - . : 

Other and further advantages of the present 
invention will become apparent during the course 
of the following discussion and by reference to the 
accompanying drawings. 

Brief Description of the Drawing . 

* » * , * 

FIG., 1 illustrates a view in perspective of an 
exemplary optical isolator formed in accordance 
with the present invention; 
FIG. 2 contains a series of ray diagrams illustrat- 
ing the separation and recombination of an op- 
tical signal as it traverses the isolator of FIG. 1 
in the forward, (transmitting) direction; 
FIG. 3 contains a series of ray diagrams illus- 
trated in the separation of an optical signal as it 
trav rs s the isolator of FIG. 1 in the rev rse 
(isolation) direction; 

FIG. 4 illustrates a exemplary refl ction means 
including a focusing lens for use in the isolator 
of the present invention; 



FIG. 5 illustrates an alternative lensless reflec- 
tion means for use in the isolator of the present 
invention; 

FIG. 6 illustrates an exemplary packaged isola- 
5 tor of the present invention; and 

FIG. 7 is a graph indicating both signal loss 
(forward) and isolation (reverse) as a function of 
wavelength for an exemplary isolator fprmed in 
accordance with the present invention. 

Detailed Description 

An exemplary polarization independent optical 
isolator 10 of the present invention is illustrated in 

is FIG. 1 . As shown, an input optical signal I exits an 
optical .fiber 12 and enters ,a birefringent plate 14. 
Ray diagram A of FIG. 2 illustrates input signal I at 
the position labeled "A" in FIG. 1 . Throughout the 
following discussion, the ray diagram denotations 

20 of FIG. 2 correspond to similarly labeled locations 
in isolator 10 of FIG. 1. Birefringent plate 14, as will 
be discussed in detail hereinafter, functions to split 
input signal I into orthogonal components, denoted 
as an O-ray and an E^ray, where the E-ray compo- 

25 nent experiences a spatial displacement as it tra- 
verses the thickness T of birefringent plate 14. This 
separation* is illustrated in ray diagram B of FIG. 2. 
The separated O- and E-rays next enter a com- 
pensating half-wave plate 16 which has its optical 

30 axis oriented at an angle of g ) * with respect to the 
direction of polarization of the O-ray, and and func- 
tions to rotate the. direction of polarization of both 
rays by an angle a*. For the sake of discussion, it 
will be assumed that the optical axis of half-wave 

35 plate 16 is oriented at \ =0* so that the direction 
of polarization of the 0- and E-rays are unaffected 
as they pass through plate 16,, as shown in ray 
diagram C of FIG. 2. As seen in FIG. 1 , the O- and 
E-rays exiting plate 16 next pass through a non- 
40 reciprocal rotator 18. For the remainder of this 
discussion, non-reciprocal rotator 18 will be re- 
ferred to as a "Faraday rotator". In this particular 
embodiment, Faraday rotator 18 is designed to. 
perform a counterclockwise rotation of $ = 22.5 • on 

45 each ray. The positions of the 0- and E-rays upon 
exiting Faraday rotator 18 are illustrated in ray 
diagram D of FIG. 2. 

Upon exiting Faraday rotator 18, the rays will 
impinge reflecting means 20, which in the exem- 

50 plary arrangement of isolator 10 comprises a lens 
22 and concave mirror 24. As will be discussed in 
detail below, other arrangements for reflecting 
m ans 20 are possible. Returning to the descrip- 
tion of isolator 10, the 0- and E-rays xiting 

55 Faraday rotator 18 are reflected by mirror 24 and 
refocussed by lens 22 into Faraday rotator 18. As 
shown in ray diagram E of FIG. 2, the reflection 
process causes the O- and E-rays to exchange 
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physical locations, although each maintains the 
same polarization as before the reflection. Since a 
Faraday rotator is a non-reciprocal device, the sec- 
ond pass through rotator 18 results in a second 
22.5* counterclockwise rotation of each ray (i.e., s 
the complete transit through - Faraday rotator 18 
results in a 45* counterclockwise rotation of each 
ray). The signals exiting. Faraday rotator 18 are 
illustrated in ray diagram F of FIG. 2. These rays 
then pass through a second compensating plate 26 -. w 
which has its optical axis oriented at an angle of £ 
= a-22.5 • with respect to the direction of .polariza- 
tion of. the original 0- ray. 

With this orientation, each ray will experience . 
an additional 45* counterclockwise rotation as it 75 
traverses plate 26 in this direction. Ray diagram G . 
illustrates the 0- and 'E-rays as they exit com- 
pensating plate 26. As seen by reference to FIG. 2, 
this last 45* rotation results in the rays exchanging 
polarization states with respect, to their original .ori- 20 
entation (illustrated in ray diagram B). Thus; on 
their second pass through birefringent plate 14, the 
E-ray (now along 180*) will be unaffected by the . 
birefringent material. However, since the O-ray is : 1 
now rotated to 90*. it will experience spatial dis- 25 
placement as it traverses birefringent plate 14. The 
displacement will be in the opposite direction (as 
indicated by the arrows in ray diagrams B and G) 
since a birefringent plate is a reciprocal device. 
Thus, at the output of birefringent plate 14, the O- 30 
and E-rays will be- recombined to form the original 
signal, as shown in ray diagram H of FIG. 2. This 
signal is then launched into output fiber 28. 

In the reverse (isolation) direction, an optical 
signal (typically, a spurious reflection of input sig- 35 
nal I) exits optical fiber 28 and -travels through 1 
isolator 10 in the opposite direction towards optical . 
fiber 12. A series: of ray diagrams illustrating the . 
operation of isolator 10 on signal S is shown in 
FIG. 3. In particular, an optical signal S exiting aq 
optical fiber 28 is as depicted in ray diagram HR of 
FIG. 3 (the addition of the letter "R" to the ray . 
diagram designations indicating the signal traveling 
in the "reverse" 1 direction). On the first pass 
through birefringent plate 14, the E-ray will walk off 45 
in a positive direction, as shown in ray diagram 
GR. The split rays then pass through second com- 
pensating plate 26 which, . in this direction, will 
rotate each ray clockwise 45 • . These positions are 
indicated in ray diagram FR of FIG. 3. The first so 
pass through Faraday rotator 18 next rotates each 
ray 22.5 0 counterclockwise such that the O-ray is 
now at -22.5 • and the E-ray is at 67.5 * . The rays 
are then refocussed and reflected by reflecting 
means 20 back into Faraday rotator 18. As shown- 55 
in ray diagram DR of FIG. 3, the operation of 
reflection means 20 causes the rays to exchange 1 
physical locations (while maintaining the same po- 



larization states) as. they re-enter Faraday , rotator 
18. Faraday rotator 18 will rotate both the- Q- and 
E-rays an additional 22.5" in a counterclockwise 
direction. Thus, upon exiting Faraday rotator 18, 
the O-ray will be at 180* and the E-ray at 90 as 
illustrated in ray diagram CR of FIG. 3.. The rays 
then pass through, first compensating plate 16. As 
discussed above, compensating plate 16 may be, 
oriented such that rays at 0° and 90* -.-pass* 
through unaffected. Ray diagram BR illustrates this 
position of both rays as they exit first plate. 16. 

In comparing ray diagrams GR and CR of FIG. 
3, it is clear that the operation of Faraday rotator .18, 
in this case causes the rays to be rotated back into 
their original polarization , states. Therefore, the E- 
ray will again experience spatial displacement as it 
passes through birefringent. plate 14. Traveling in 
this direction,- the E-ray will walk off in the negative 
direction,, as shown in ray diagram AR of FIG. 3. 
The displacement of the E-ray results in further 
separating the signal components such that neither 
will enter fiber 12, thus isolating devices coupled to 
fiber 12. from return reflections passing along fiber 

28. ■ : • /■ . . .. 

As mentioned above,, the reflection means of 
the inventive isolator may be formed with or with- 
out a lens. The difference in performance of these 
two arrangements may . be seen by comparing the 
reflection means illustrated in FIGS. 4 and 5. FIG. 4 
.illustrates the operation of reflection means. 20 of 
FIG. 1. In this case,. reflection means 20 consists of 
a lens 22 and mirror 24. As shown in FIG; 4, the 
arrangement is "unfolded" along the plane pf mir- 
ror 24 so that the right side of the figure is virtual; 
space. Lens 22 v , shown in phantom in FIG.: 4,. is 
thus the virtual image of lens 22. The foG.using- 
system of reflection means 20 is .both telocentric 
(so that the output beam is coaxial with the core 
region of output fiber, 28) and has unit power, (so. 
that there is a proper match of mode size between 
the beam ad -fiber 28). These two criteria are met . 
by placing mirror 24 at the focal point of lens 22. 
Correct focusing, from Input fiber. 12 to output fiber 
28 is achieved by selecting the. curvature of . mjrror 
24 to. match as closely as possible the calculated 
curvature. of the expanding beam as it passes 
through isolator 10. 

An exemplary lensless reflection means iS:ilius\ 
trated in FIG. 5. Again, the arrangement is - unfol- 
ded" along the plane of mirror 24 so that the right 
side of the figure is virtual space. As shown, with- 
out a focusing lens, an angular displacement ,7 is 
created between the axis of fiber 28 and the output 
beam (the angle 7 being exaggerated in FIG. 5 for 
clarity). In order to avoid significant insertion loss,, 
the displacement, angle should be kept small, on 
the order of approximately one degree,. To achieve 
this small displacement, mirror. 24 should be .posi- 
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tioned relatively far from fibers 12,28; thus increas- ' 
ing the overall size of isolator 10. Clearly, from the 
standpoint of compactness, the focusing arrange- . 
ment of FIG. 4 is considered to be the preferred 
alternative. 5 

FIG. 6 illustrates an exemplary, packaged isola- 
tor 30 formed in accordance with one embodiment 
of the present invention. Fibers 12 and 28 are fixed" 
within a fiber ferrule 32 such that the stripped ends 
of fibers 12,28 pass through the hollow body of : to 
ferrule 32 and are fixed within a capillary tube 34. ' 
The spacing between the fibers has been found to 
affect the insertion loss at the input to fiber 28. For 
single mode fibers, a separation of approximately 
375um between fibers will provide an acceptable 75 
loss figure. - ' ' - * 1 

Packaged isolator 30, as shown in FIG: 6, 1 con- 
tains an optical subassembly 36 which Is formed to" 
contain a number of the required optical compo- 
nents in a single housing. In particular, subassem- 20 
bly 36 includes a birefringent plate 38, where plate * 
38 may be formed of any suitable birefringent 
material. Calcite and rutile crystals are two such 
well-known birefringent materials often used in the 
formation of optical isolators. Each provides a dis- 25 
placement angle between the O- and E-rays of 
approximately 5.7* when cut with the optical axis 
at 45* to the crystal surface. Thus, a beam dis- 
placement of 20um (greater than two fiber- core 
diameters - sufficient to provide isolation in the 30 
return direction) requires only a 200um plate thick- 
ness T. An isolator of the present invention formed 
with a birefringent plate of* approximately 450am 
thickness has been found to provide isolation great- 
er than -40dB. "> ' 35 

Returning to the description of subassembly 
36, a pair of first and second compensating plates - 
40,42 are attached (epoxied) to birefringent plate 
38 in the manner shown in FIG. 6. For proper 
operation of the isolator, it is critical that the pair of 40 
orthogonal rays travel through separate compensat- 
ing plates on the forward and reverse paths. There- 
fore, the beam cannot become too divergent after 
exiting birefringent plate 38 before it enters first 
compensating plate 40. This may be accomplished 45 
by locating optical subassembly 36 in relatively 
close proximity to fiber ferrule 34. 

Optical subassembly 36 further comprises the 
optical component 44 of a Faraday rotator 46 which , 
is attached to compensating plates 40,42. The so 
magnetic portion 48 of Faraday rotator 46 is posi- 
tioned as shown in FIG. 6. Component 44 of 
Faraday rotator 46 may compris an yttrium iron 
garnet (YsFesOia, YIG) crystal which is well-known 
in the art as having a large Faraday effect ad is 55 
especially useful since it is transparent in the 
wavelength r gion from 1.1 to 6 urn at room tem- 
perature. A YIG crystal 44 requires a magnetic field 



of at least 1800 Gauss to ensure saturation of the 
Faraday rotation. A samarium-cobalt (SmCo) mag- 
net 48 (energy density of 2.2x1 0 7 G-Oe) has been . 
found to provide an adequate field for YIG satura- 
tion. As shown in FIG. 6, magnet 48 is disposed to 
surround optical subassembly 36. Alternatively, a 
bismuth-substituted thick garnet film may be used 
as the Faraday rotator material. A bismuth-substi- 
tuted film may be preferred is some instances 
since a smaller thickness may achieve the same 
degree of rotation. As seen by reference to FIG. 6, 
optical subassembly 36 is completed by attaching 
a lens 50 to optical component 44 of Faraday 
rotator 46. In order to minimize package size, a 
small lens 50 with a short focal length is preferable. 
For example, a graded-index lens may be use 

In assembly, birefringent plate 38, paired com- 
pensating plates 40,42, Faraday material 44 and 
lens 50 are mechanically aligned and epoxied to- 
gether. Both faces of material 44 and birefringent 
plate 38 are ahti-ref lection (AR) coated (for epoxy), 
as is the external face of lens 50 (for air). Magnet 
48 is epoxied into a magnet body . 52 which is fit 
over optical subassembly 36. A concave mirror 54 
is secured by a thin film of epoxy on its flat side 
into a mirror ferrule 56 which mates with an outer 
sleeve 58. Ferrule 56 may then be axially adjusted 
(2-direction) ad laterally adjusted (X- and Y-direc-. 
tion) for performing final optical alignment. 

FIG. 7 is a graph illustrating both signal loss (in 
the transmitting direction) and isolation (in the re- 
turn direction) as a function of wavelength for a 
exemplary optical isolator formed in accordance 
with the present invention. In this particular exam- 
ple, a YIG film having a 24* rotation at 1.54um 
(20 °C) was used, resulting in the isolator having a 
peak isolation at 1.59um. As shown, this peak 
isolation value was approximately -41 dB, with an 
average isolation of -25dB in the wavelength rage, 
from 1450 to 1650 nrh. The loss was less than . 
-2dB over this same range. 

It is to be understood that the above-described 
embodiments of the present invention are exem- . 
ptary only and various modifications may be made 
by those skilled in the art. - In particular, many 
different focusing systems may be used, as long . 
as the forward traveling beam is redirected into the 
non-reciprocal rotating element. 

Claims 

* * 

1. A polarization independent optical isolator (10) 
comprising 

a birefringent plate (14) for s parating an 
optical signal passing therethrough into first 
and second rays having first and second or- 
thogonal polarizations wherein the ray of the . 
first polarization experiences spatial disptace- 
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ment in a first direction as it passes through 
said birefringent plate in a first, transmitting 
direction ad spatial displacement m a second, ' 
opposite direction as' it passes through said 
birefringent plate in a second, isolation direc- 5 
tion; 

non-reciprocal rotating means (18) func- 
tioning to rotate said first and second rays 
through a predetermined angle 6 in either the 
transmitting direction or the isolation direction; 10 

CHARACTERIZED IN THAT • 1 

the isolator further comprises: 

reflection means (20) for redirecting first 
and second orthogonal rays exiting said non- 
reciprocal rotating means (18) back into said 75 
non-reciprocal rotating means (18), wherein the 
reflection causes said first and second rays to 
exchange physical locations; 

a first reciprocal rotating means (16) dis- 
posed between said birefringent plate (14) and 20 
said non-reciprocal rotating means (18) so as 
to intercept said' first and second orthogonal 
rays exiting said birefringent plate (14) in the 
transmitting direction and intercept said rays 
exiting said non-reciprocal rotation means (18) 25 
in the isolation direction, said first reciprocal 
rotating means (16) functioning to rotate said 
rays through a predetermined angle a in the 
transmitting direction and -a in the isolation 1 
direction; and, 30 

a second reciprocal rotating means (26) 
disposed between said birefringent plate (14) 
and said non-reciprocal rotating means (18) so 
as to intercept said rays exiting said non- 
reciprocal rotating means (18) in the transmit- 35 
ting direction and intercept said rays exiting ' 
said birefringent plate (14) in the isolation di- 
rection, said second reciprocal rotating means 
(26) functioning to rotate said rays through a 
predetermined angle 0 in the transmitting di- • 40 
recti on and -0 in the isolation direction, 
wherein- the sum a + 26+0 approximately 
equals 90* in the transmitting direction such 
that said first and second rays exchange po- 
larization states upon traveling through said 45 
isolator (10) in the transmitting direction, and in 
the isolation direction the sum 2e-a-/3 approxi- 
mately equals 0" such that the first and sec- 
ond rays maintain polarization states upon trav- 
eling through said isolator (10) in the isolation so 
direction. 

A polarization independent optical isolator (10) 
as defined in claim 1 wherein the non-recipro^ 
cal rotating means (18) comprises a Faraday * 55 
rotator. 



3. A polarization ind pendent optical isolator (10) 
as defined in claim 2 wherein the: Faraday 
rotator includes a yttrium-iron-garnet film arid a 
samarium-cobalt magnet surrounding said film. 

4. A polarization independent optical isolator (10) 
as defined in claim 2 wherein the Faraday 
rotator includes a bismuth-substituted garnet 
film and samarium-cobalt magnet surrounding' 
said film. ■ * ".;■.>'. 

5. A polarization independent optical isolator (10)- 
as defined in claim 2 wherein the Faraday 
rotator functions to rotate each ray through a 
predetermined angular displacement 6 of ap- 
proximately 22.5*. "* 

6. A polarization independent optical isolator (1 0) 
as' defined" in claim 1 wherein the first and 
second reciprocal rotating means (16;26) com- 
prise' first and second compensating plates, 
with the optical axis of said first compensating 
plate oriented' at an angle of approximately 
22.5* with respect to the second compensat- 
ing plate. - 

7. A polarization independent optical isolator' (10) 
as defined in claim 6 wherein the first and 
second compensating plates comprise quartz 
halfwave plates. 

8. A polarization independent optical isolator (10) 
as - defined in claim 1- wherein the reflection - 
means (20) comprises a concave mirror (24) 
for substantial ly* matching the curvature of an 
expanded beam formed by the first and sec- 
ond orthogonal rays. 

4 * * 

9. A polarization independent optical isolator (10) 
as defined in claim 8 wherein the reflection 
means (20) further comprises a focussing lens 
(22) disposed between the non-reciprocal rotat- 
ing means (18) and the concave mirror (24), 
wherein said concave mirror (24)is positioned^ 
at the focal point of said lens (22). 

* ♦ * 

10. A polarization independent optical isolator (10) 
as defined in claim 9 wherein the. lens (22) 
comprises a graded-index lens. 

Patentanspriiche 

• * ■ . /. 
1. Polarisationsunabhangiger optischer Isolator 
(10)mit 

einer doppelbrechenden Platte (14) zum Tren- 
nen eines optischen Signals, das durch diese 
tritt in erste und zweite Strahlen mit ersten und 
zweit n orthogbnalen Polarisatibnen, wobei der 
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Strahl der ersten Polarisation eine raumliche 
versetzung in einer ersten Richtung beim 
Durchtreten der doppelbrechenden Platte in ei- 
ner ersten Obertragungsrichtung erfShrt und 
eine raumliche Versetzung in einer zweiten, 
entgegengesetzten Richtung beim Durchtreten 
der doppelbrechenden Platte in einer zweiten, 
einer Isolationsrichtung erfahrt, • 
einer nichtreziproken Dreheinrichtung (18). de- 
ren Funktion darin besteht, den ersten und 
zweiten Strahl urn einen vorbestimmten Winkel 
o$ in entweder der Transmissionsrichtung oder 
der Isolationsrichtung zu drehen, 
dadurch gekennzeichnet, daS der Isolator fer- 
ner umfaBt: 

eine reflektierende Einrichtung (20) zum Um- 
fenken des ersten und zweiten orthogonalen 
Strahls, die aus der nichtreziproken Drehein- 1 
richtung (18) treten, zurOck in die nichtrezipro- 
ke Dreheinrichtung (16), wobei. die Reflexion 
bewirkt, daB der. erste und zweite Strahl . ihren 
physikalischen Ort miteinander tauschen, eine 
erste reziproke Dreheinrichtung (16), die zwi- 
schen der doppelbrechenden Platte (14) und 
der nichtreziproken Dreheinrichtung (18) so.an- 
geordnet ist, daB sie den ersten und zweiten 
orthogonalen Strahl, die aus; der doppelbre- 
chenden Platte (14) austreten, in der Ausbrei- 
tungsrichtung schneidet und die aus der nicht- 
reziproken Dreheinrichtung (18) austretenden 
Strahlen in der Isolationsrichtung schneidet, 
wobei die erste reziproke Dreheinrichtung (16) 
so funktioniert, daB die Strahlen in der Trans- 
missionsrichtung urn einen vorbestimmten 
Winkel a gedreht werden und in der Isolations- 
richtung gedreht urn -a gedreht werden und 
einer zweiten reziproken Dreheinrichtung ; (26), 
die zwischen der doppelbrechenden Platte (14) 
und der nichtreziproken Dreheinrichtung (18) 
so angeordnet ist, daB sie die aus der nichtre- 
ziproken Dreheinrichtung (18) in. der Transmis- 
sionsrichtung austretenden Strahlen schneidet 
und die aus der doppelbrechenden Platte (14) 
in Isolationsrichtung austretenden Strahlen 
schneidet, wobei die zweite reziproke Drehein- 
richtung (26) so funktioniert, daB die Strahlen 
urn einen vorbestimmten Winkel 0 in der 
Transmissionsrichtung und urn -jS in der Isola- 
tionsrichtung gedreht werden, wobei die Sum- 
me a + 26 + 0 in der Transmissionsrichtung un- 
gefahr gleich 90 • ist, so daB der erste und der 
zweite Strahl den Poliarisationszustand mitein- 
ander b im Durchtr ten d s Isolators (10) in 
der Transmissionsrichtung tauschen, und wo- 
bei in der Isolationsrichtung die Summe 28~a-p 
ungefahr 0 * gleicht, so daB der erste und der 
zweite Strahl den Polarisationszustand beim 
Durchtr ten des Isolators (10) in Isolationsrich- 



tung beibehalten. ... 

2. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 1, in welchem die nichtre- 
s ziproke Dreheinrichtung (18) einen Faraday- 

Rotator umfaBt. 



10. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 9, in welchem die Linse 



3. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 2, in welchem der Fara- 

io day-Rotator einen Ytrium-Eisen-Granatfilm und 

einen diesen Rim umgebenden Samarium-Ko- 
balt-Magneten umfaBt. 

4. Polarisationsunabhangiger optischer Isolator 
is (10) nach Anspruch 2, in welchem der Fara^ 

day- Rotator einen Wismuth-substituierten Gra- 
natfilm und einen diesen Film umgebenden 
Samarium-Kobalt-Magneten umfaBt 

20 5. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 2, in welchem der Fara- 
day-Rotator so funktioniert, daB jeder Strahl 
urn einen vorbestimmten Winkel 6 von unge- 
. fahr 22,5 # gedreht wird. 

6. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 1, in welchem die erste 
und zweite reziproke Dreheinrichtung ,(16; 20) 
eine erste und eine zweite Kompensationsptat- 
30 te umfaBt, wobei die optische Achse der ersten 

Kompensationsplatte unter einem Winkel von 
• ungefahr 22,5* - in Bezug auf die zweite Kom- 
pensationsplatte ausgerichtet ist. 

4 

35 7. PolarisationsunabhSngiger optischer isolator 
: (10) nach Anspruch 6, in welcher die erste und 
die zweite Kompensaitionsplatte X/2-Quarzplat- 
ten sind. 

i* .... 

40 8.' Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 1, in weichem die reflektie- 
rende Einrichtung (20) einen konkaven Spiegel 
(24) umfaBt, um im wesentlichen eine- Anpas- 
sung an die KrOmmung eines durch den ersten 

45 und den zweiten orthogonalen Strahl ausgebil- 
deten expandierenden Strahls zu erreichen. 

9. Polarisationsunabhangiger optischer Isolator 
(10) nach Anspruch 8, in welchem die reflektie- 

so - rende Einrichtung (20) femer eine Fokuslinse 
(22) umfaBt, die zwischen der nichtreziproken 
Dreheinrichtung (18) und dem konkaven Spie- 
g I (24) ang ordnet ist, wobei der konkave 
Spiegel (24) im Fokus der Linse (22) positio- 

55 niert ist. 
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(22) eine Linse mit sich anderndem Bre- 
chungsindex umfaBt. 

Revendlcatlons 

1. Isolateur optique independant de la polarisation 
(1 0) comprenant : . 

une lame birefringente (14) pour s^parer 
un signal optique passant & travers efle en un 
premier rayon et un deuxieme rayon ay ant une 
premiere polarisation et une deuxieme polari- 
sation orthogonales, dans laquelle le rayon de 
la premiere polarisation subit un de placement 
spatial dans une premiere direction, tandis qu'il 
passe h. travers ladite lame birefringente dans 
une premiere direction de transmission et un 
de placement spatial dans une deuxieme direc- 
tion oppos£e, tandis qu'il passe h travers ladite 
lame birefringente dans une deuxieme direc- 
tion desolation; 

un moyen de rotation non reciproque (18) 
ay ant pour fonction de faire tourner lesdits 
premier et deuxieme rayons d'un angle prede- 
termine 9 soit dans la direction de transmis- 
sion, soit dans la direction d'isofation; 
caracterise en ce que : 
Pisolateur comprend en outre : 
un moyen de reflexion (20) pour renvoyer 
le premier rayon et le deuxieme rayon ortho- 
gonaux sortant dudit moyen de rotation non 
reciproque (18) en retour dans ledit moyen de 
rotation non reciproque (18), dans lequel la 
reflexion amene le premier rayon et le deuxie- 
me rayon k echanger leurs emplacements 
physiques; 

un premier moyen de rotation reciproque 
(16) dispose entre ladite lame birefringente 
(14) et ledit moyen de rotation non reciproque 
(18) de fagon a intercepter lesdits premier et 
deuxieme rayons orthogonaux sortant de ladite 
lame birefringente (14) dans la direction de 
transmission et a intercepter lesdits rayons 
sortant dudit moyen de rotation non reciproque 
(18) dans la direction d'isolation, ledit premier 
moyen de rotation reciproque (16) ayant pour 
fonction de faire tourner lesdits rayons d'un 
angle predetermine a dans la direction de tran- 
smission et -a dans la direction d'isolation, et 

un deuxieme moyen de rotation reciproque 
(26) dispose entre ladite lame birefringente 
(14) et ledit moyen de rotation non reciproque 
(18) de fagon £ intercepter lesdits rayons sor- 
tant dudit moyen de rotation non reciproque 
(18) dans la direction de transmission et h 
intercepter lesdits rayons sortant de ladite 
lame birefringente (14) dans la direction d'iso- 
lation, ledit deuxieme moyen de rotation reci- 
proque (26) ayant pour fonction de faire tour- 



ner lesdits rayons d'un angle predetermine 0 
dans la direction de transmission et -0 dans la 
direction d'isolation, etant entendu que la som- 
me a +29 + 0 est approximativement egale & 

s 90* dans la direction de transmission de fagon 

que lesdits premier et deuxieme rayons echan- 
gent leurs. etats de polarisation en cheminant a 
travers ledit isolateur (10)tdans la direction de 
transmission, et que, dans la direction d'isola-, 

to tion, la somme 29-a-0 est approximativement 
egale & 0°, de fagon que les premier -et 
deuxi§me rayons conservent leurs etats de 
polarisation en cheminant & travers ledit isola- . 
teur (10) dans la direction d'isolation. 

2. Isolateur optique independant de la polarisation 
(10) suivant la revendication 1, dans lequel le 
moyen de rotation non reciproque (18) com- 
' prend un rotateur de Faraday. 

20 

3. Isolateur optique independant de la polarisation 
(10) suivant la revendication 2, dans lequel le 
rotateur de Faraday inclut un film de grenat 
-d'yttrium-fer et un aimant de samarium-cobalt 

25 entourant ledit film. 

4. Isolateur optique independant de la polarisation 
(10) suivant la revendication 2, dans lequel le 
rotateur de Faraday inclut un film de grenat 

30 substitue par du bismuth et un aimant de sa- 

marium-cobalt entourant ledit film. 

5. Isolateur optique independant de la polarisation 
(10) suivant la revendication 2, dans lequel le 

35 rotateur de Faraday a pour fonction de faire 

■tourner chaque rayon 'd'un deplacement angu- 
laire predetermine 9 d 'approximativement 
22,5 • . 

40 6. Isolateur optique independant de la polarisation 
(1 0) suivant la revendication 1 , dans lequel les 
premier et deuxieme moyens de rotation reci- 
proques (16; 26) comprennent des premiere et 
deuxieme lames de compensation, Paxe opti- 

45 que de ladite premiere lame de compensation 

etant oriente h un angle d'approximativement 
22,5* par rapport & la deuxieme lame de 
compensation. 

so 7. Isolateur optique independant de la polarisation 
(10) suivant la revendication 6, dans lequel les 
premiere et deuxieme lames de compensation 
comprennent d s lames de quartz demi-onde. 

55 8. Isolateur optiqu independant d la polarisation 
(10) suivant la revendication 1, dans lequel le 
moyen de reflexion (20) comprend un miroir 
concave (24) pour I'adaptation sensible h la 
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courbure d'un faisceau dilate form6 par les 
premier et deuxfeme rayons orthogonaux. 

ft 

9. Isolateur optique indgpendant de la polarisation 

(10) suivant la revendication 8, dans lequel te 5 
moyen de reflexion (20) comprend, en outre, 
une lentiile de focalisation (22) disposSe entre 
le moyen de rotation non nSciproque (18) et le 
miroir concave (24), dans lequel ledit miroir 
concave (24) est positionng au point focal de to 
ladite lentiile (22). ' 

10. Isolateur optique ind€pendant de la polarisation 
(10) suivant la revendication 9, dans lequel la 
lentiile (22) est une lentiile h gradient d'indice. 15 
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FIG. 7 
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